the Ar nucleus. Doubling the size of this wave function then puts all ten electrons ofHF on the fluorine atom to the detriment of the approximation in Eq. (1). For hydrocarbons the effect is still worse: all four hydrogen electrons are shifted onto the carbon in methane in the scaled MgHe/ 10 system. Notice from the figure that at shorter bond distances, the approximation does become better, as expected, since this unphysical electron shifting becomes less important.
Because the scaled system represents a dramatic shrinking of the unscaled one, a direct scaling of an approximate contracted Gaussian basis set from the unscaled system leaves some questions about the accuracy of the representation ofEq. (1). Accordingly, we have examined a few cases using extended atomic basis functions chosen directly for the scaled systems. We did this for Li 2 , where the bond length of one previous calculation by Heaton 6 is much worse than any of the present results; for N2 with increasingly elaborate bases; and for CH 4 • Extended Gaussian basis sets appropriate to the scaled atoms were chosen,9.10 and used for uncontracted SCF atomic calculations on the appropriate scaled ions (e.g., C+ 3 is the scaled system for Li). For molecular use, the atomic ionic bases were contracted in a well-known manner, and for Li2 and N2 additional polarization basis functions were added. 9 The contracted atomic basis sets were as good as near Hartree-Fock values II for the ions, suggesting that the molecular results summarized in Table I Theories of diffusion in dense fluids are currently based on simplified models. Traditionally, diffusion in liquid state has been described with the hydrodynamic theory represented by the Stokes-Einstein equation. This equation predicts diffusion coefficients in terms of solute radius, solvent viscosity, temperature, and a hydrodynamic frictional coefficient. While the Stokes-Einstein equation accounts well for the diffusion oflarge spherical solutes, it fails completely for solute molecules small in size compared to the solvent molecules.
l --4 The validity and invalidity of the Stokes-Einstein equation have been discussed in detail. 1-3 Recently there has been a good deal of interest in the use of the rough-hardsphere (RHS) theory as a basis for the interpretation of diffusion data. the fact that most real molecules possess dipole moment and are nonspherical, the lack of experimental studies of these effects may hinder further development of the general theories of diffusion in liquids. For this reason, we have recently carried out a series of diffusion measurements designed to provide careful evaluation of the various molecular effects on diffusion. In a previous pape~ we have already reported the effects of dipole moment on the diffusion of pseudospherical solutes in various solvents.
In this note we present the mutual diffusion coefficient of p-chlorotoluene, (0-, m-, and p-)dichlorobenzene, and (0-, m-, andp-)xylene at infinite dilution in acetone, ethanol, and n-tetradecane at 298.15 ± 0.02 K. The solvents are chosen to represent protic, aprotic, and hydrocarbon solvents. All disubstituted benzene molecules in this study are of the same molecular volume. More importantly, they are pseudoplanar molecules with a size similar to that of the previously studied tetramethyltin. I ,2 Thus direct comparisons between the diffusion coefficients for the pseudoplanar and the pseudospherical solutes are useful. In addition to being equal in size, the solutes p-dichlorobenzene and p-xylene are selected because they are of the same shape and without dipole moment. These data permit the effects of mass on diffusion to be critically examined. The molecule p-chlorotoluene differs from the above two solutes in dipole moment, the effects of which can be ascertained from the data. Moreover, the isomers of dichlorobenzene and xylene are designed to test the effects of molecular geometry on diffusion.
Limiting mutual diffusion coefficients were measured by using the chromatographic broadening method. 21 The apparatus and procedures used were the same as those reported elsewhere.
5 In this experiment, the solvents acetone (99.5% + BDH), ethanol (99,5% + Ajax), and n-tetradecane (99% + TCI) were used without further purification.
The solute p-chlorotoluene (99% Merck) was purified by fractional distillation; 0-and m-dichlorobenzene (both 99% + Merck), p-dichlorobenzene (99% + Koch-Light Laboratories), and the xylenes (all 99% + Carlo Erba) were used as received.
The measured diffusion coefficients are summarized in Table I . Each diffusivity reported is the mean value of at least three runs. The uncertainty listed is the average absolute error. The precision of our data is about ± 1 %. To test our apparatus again, we have determined the limiting mutual Table I includes previous data for tetramethyltin.
I ,2 Also shown in the table are values of the dipole moment and van der Waals volume of the solute molecules. All solutes in this study are equal in size to within 1.5%, The close resemblance in size between a chloride group and a methyl group has already been discussed.
9 It should be pointed out that a 1 % change in solute core diameter (,.......3% change in van der Waals volume) produces typically a small 2% variation in the mutual diffusion coefficient. 4 ,11 The major findings and conclusions which we wish to report are summarized as follows:
(i) The mutual diffusion coefficients are insensitive to the mass and dipole moment of the solute molecules studied. This can be seen by comparing the data in Table I for solutes with the same size and shape in each solvent. The present results are consistent with those for the pseudospherical solutes in our previous study. 5 The insensitivity of solute dipole moment on diffusion here further justifies the basic assumption 20 made in the RHS theory, i.e., attractive and other forces which vary slowly in space are unimportant as compared to the harsh repUlsive parts of the intermolecular forces in affecting the molecular motions in liquids.
(ii) The data presented in Table I are slightly dependent on the geometry of the solute molecules. The diffusion coefficients are generally smaller for tetramethyltin than for the pseudoplanar solutes in anyone solvent. Among the disubstituted benzenes, the diffusivity trends are 0 < m <po Since the para-disubstituted benzene is more linear than the other two isomers, the effects of solute shape on diffusion in this study appear to be such that the diffusivity increases in the order "spherical, " "planar," and "linear." Further efforts with the goal of elucidating these effects are underway in our laboratory.
(iii) Another noteworthy feature of the data is that the effects of solute shape on diffusion are solvent dependent. The shape effects are rather insignificant in acetone,the largest effect being only 5% here. However, the effects are much greater in n-tetradecane and in ethanol, the maximum effects in this work being 26% and 23%, respectively. Since molecular shape effects are closely related to the degree of coupling l9 between the rotational and translational motions, the present experimental results suggest that in application of the RHS theory for real fluids it may be necessary to use a solvent and solute dependent translation-rotation coupling constant.
(iv) Precise measurements of diffusion coefficients for solutes with the same size can provide useful and straightforward information on the effects of mass, dipole moment, and shape of solute molecules on diffusion.
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